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Abstract 

Background: Ocular biometric parameters can be influenced by race, ethnicity, and genetics; their differences 
across different populations can probably explain differences in refractive errors in these populations. The aim of 
this study is to determine the normal range of axial length, anterior chamber depth, lens thickness, and vitreous 
chamber depth in the population of Shahroud in the north of Iran. 

Methods: In the first phase of Shahroud Eye Cohort Study, the 40-64 year old population were sampled 
cross-sectionally; 631 1 were invited and 5190 (82.2%) participated in the study. Biometric examinations were done 
using the LENSTAR/BioGraph (WaveLight AG, Erlangen, Germany) after vision tests and before cycloplegic refraction 
tests. Any type of eye surgery, extensive pterygium, and lack of cooperation were used as exclusion criteria, and 
analyses were done with data from 4869 eyes. 

Results: We found a mean axial length of 23.14 mm (95% confidence interval [CI], 23.1 1-23.17), mean anterior 
chamber depth of 2.62 mm (95% CI, 2.60-2.63), mean lens thickness of 4.28 mm (95% CI, 4.27-4.29), and the mean 
vitreous chamber depth was 15.72 mm (95% CI, 15.70-15.75). 

Kolmogorov-Smirnov tests showed that the distribution of axial length, anterior chamber depth, lens thickness, and 
vitreous chamber depth significantly differed from normal; axial length and vitreous chamber depth demonstrated 
a leptokurtic distribution as well. 

Axial length, anterior chamber depth, and vitreous chamber depth significantly decreased with age, and lens 
thickness significantly increased with age (p< 0.001). All indices were significantly higher in men. 

Conclusions: The distributions of axial length, vitreous chamber depth, and lens thickness are reported for the first 
time in an Iranian adult population. Compared to other studies, axial length was in the mid range, nonetheless, 
studying axial length components showed that the Iranian population had smaller anterior chamber depth and 
lens thickness. Age and gender were significantly associated with all indices assessed in this study. 
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Background 

Global advances in ophthalmology have created a greater 
need for ocular parameters in different clinical and diag- 
nostic fields. One important ophthalmic parameter is 
the axial length (AL) which is commonly needed for 
intraocular lens power calculation before cataract and 
refractive surgery [1] and helps ophthalmologists in the 
diagnosis of several eye conditions such as staphyloma, 
[2] and risk of retinal detachment [3]. 

In addition to clinical applications, determining ocular 
biometry, especially the AL and its components in 
epidemiologic studies, provides ophthalmologists with im- 
portant and valuable information. Reports concerning the 
distribution of ocular biometrics in population based stud- 
ies have been published from some Asian countries such as 
Mongolia, Taiwan, Myanmar, Singapore and China [4-8]. 

Several studies have demonstrated the correlation be- 
tween ocular biometrics, especially AL, with refractive 
errors [6,9]. Since these parameters can be influenced by 
race, ethnicity, and genetics, their differences across dif- 
ferent populations can probably explain differences in 
refractive errors, and it would be useful to determine the 
distribution of biometric indices in each area. 

There are few studies on the distribution of biomet- 
rics, especially axial length, in normal populations in the 
Middle East region and Iran [9,10]. As a population- 
based study, the report from Saudi Arabia [10] has the 
limitation of a small sample size. The study on Jordanian 
adults [9] only targeted the 17 to 40 year old population, 
and the study by Yekta et al. [11] in Iran showed ocular 
biometrics in carpet weavers where a considerable pro- 
portion were myopic and their results cannot be general- 
ized to the normal population. Here we report the 
distribution of AL and its components including the an- 
terior chamber depth (ACD), lens thickness (LT), and 
vitreous chamber depth (VCD) in a general 40-64 year 
old Iranian population. 



Methods 

Data of the present study was derived from the first 
phase of the Shahroud eye cohort study, which was con- 
ducted cross-sectionally in 2009. In brief, samples of the 
study were selected from the 40-64 year old population 
of Shahroud using random cluster sampling where 300 
clusters from 9 strata (health care centers) of Shahroud 
city were randomly selected. From each cluster, 20 
people were invited to have complete eye examinations. 

At the time of the 2006 census, the population of 
Shahroud was 133835. Of these, 28779 were in the 40- 
64 year old age group; 14720 (51.1%) of which were 
men. In this group, 29.0% were 40-44 years old, 26.8% 
were between 45 and 49 years of age, 20.3% were 50-55, 
13.8% were 55-59, and 10.1% were between 60 and 
64 years old. In this study, 6311 people were selected 
from this population. 

All consenting participants were first interviewed to 
record their demographics, socio-economic status, as 
well as their medical and ophthalmic history. For 
ophthalmologic examinations, people were examined 
with the slit lamp biomicroscope, and if no contraindica- 
tion existed for cyclopentolate eye drops, they had cyclo- 
plegic refraction tests. 

Biometry 

All participants had ocular biometry tests with the 
LENSTAR/BioGraph (WaveLight AG, Erlangen, Germany) 
after vision testing and before ophthalmologic examination 
and cycloplegic refraction. The Biograph generates different 
ocular biometry indices and here the AL, ACD, LT, and 
corneal thickness readings were used. Acquisitions were 
done by a skilled operator who was trained before the 
study. The validity and repeatability of LENSTAR/BioGraph 
measurements have been confirmed before [12,13], and 
thus, one acquisition was made per eye. 



Table 1 Distribution of axial length (AL), anterior chamber depth (ACD), lens thickness (LT) and vitreous chamber 
depth (VCD) as mean and 95% confidence intervals of mean (CI) by age and gender 







AL (mm) 


ACD (mm) 


LT (mm) 


VCD (mm) 


Age 


n 


Mean (95%CI) 


Mean (95%CI) 


Mean (95%CI) 


Mean (95%CI) 


40-44 


917 


23.24 (23.17-23.30) 


2.74 (2.72-2.76) 


4.11 (4.09-4.13) 


15.86 (15.80-15.93) 


45-49 


1332 


23.16 (23.11-23.21) 


2.66 (2.65-2.68) 


4.22 (4.20-4.23) 


15.75 (15.70-15.80) 


50-54 


1218 


23.16 (23.10-23.21) 


2.60 (2.58-2.62) 


4.31 (4.30-4.33) 


15.72 (15.67-15.78) 


55-59 


880 


23.07 (23.00-23.13) 


2.52 (2.50-2.54) 


4.39 (4.37-4.41) 


15.63 (15.57-15.70) 


60-64 


522 


23.04 (22.96-23.12) 


2.48 (2.45-2.51) 


4.47 (4.44-4.50) 


15.56 (15.49-15.64) 


Gender 


Male 


2044 


23.41 (23.37-23.46) 


2.66 (2.64-2.67) 


4.30 (4.29-4.32) 


15.93 (15.89-15.97) 


Female 


2825 


22.95 (22.91-22.98) 


2.58 (2.57-2.60) 


4.26 (4.25-4.27) 


15.58 (15.54-15.61) 


Total 


4869 


23.14 (23.11-23.17) 


2.62 (2.60-2.63) 


4.28 (4.27-4.29) 


15.72 (15.70-15.75) 


Valid data 




4833 


4849 


4840 


4823 
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Table 2 The range (mean ± 2 standard deviations) of axial 
length (AL), anterior chamber depth (ACD), lens thickness 
(LT) and vitreous chamber depth (VCD) by age and 



gender 


Age 


AL (mm) 


ACD (mm) 


LT (mm) 


VCD (mm) 


40-44 


21.29-25.19 


2.12-3.35 


3.59-4.63 


14.02-17.71 


45-49 


21.25-25.07 


2.02-3.31 


3.69-4.75 


1 3.96-1 7.54 


50-54 


21.22-25.10 


1.97-3.23 


3.76-4.86 


13.90-17.55 


55-59 


21.05-25.08 


1.86-3.18 


3.83-4.95 


13.75-17.52 


60-64 


21.17-24.91 


1.81-3.15 


3.87-5.07 


13.76-17.36 


Male 


21.06-24.84 


1 .93-3.24 


3.68-4.85 


13.77-17.38 


Female 


21.53-25.30 


1 .99-3.33 


3.71-4.90 


14.14-17.72 


Total 


21.20-25.09 


1 .95-3.28 


3.69-4.87 


13.89-17.56 



Definitions and statistical analysis 

Since VCD is not measured directly with the Biograph, 
ACD, LT, and corneal thickness (mm) values were 
deducted from AL to calculate VCD. Each ocular biom- 
etry index is described as mean and 95% confidence 
intervals (CI) by age and gender, and the normal range 
calculated as the mean ± 2 standard deviations, the 25 th , 
50 th , 75 th , 95 th and 99 th percentiles were determined to 
demonstrate the distribution of these variables in more 
detail. The relationship of AL and its components with 
age, gender, height, weight, and education was studied 
with univariate linear regression, as well as with multi- 
variate regression after adjusting variables. The t-test 
was used to compare the mean age of the participants 
and non-participants, and the chi-square test was used 
to examine differences in gender distribution between 
the selected sample and the respondents. To assess dis- 
tribution differences from normal, distributions were 
plotted on histograms after using the Kolmogorov- 
Smirnov test. Pearson correlation coefficients were 
determined to examine the correlation between two eyes 
in terms of AL and its components. 

In this report, only data from phakic eyes were included 
for analysis, and those who had any history of eye surgery 
were excluded. The correlation between left and right eyes 
was high in case of the indices of AL (r = 0.880), ACD 
(r = 0.958), LT (r = 0.880), and VCD (r = 0.931), and thus, 
only results from right eyes and presented here. 



Ethical considerations 

Before examinations, and after providing a detailed 
description of the study and its methodology, all partici- 
pants signed written informed consents. The study was 
reviewed and approved by the Ethics Committee of 
Shahroud University of Medical Sciences. 

Results 

The invitees of Shahroud Eye Cohort Study were 6311 
people and 5190 responded (82.2%). The mean age of 
the participants and non-participants was 50.9 years and 
50.6 years, respectively, and their difference was not sta- 
tistically significant (p = 0.160). 

Of the participants, we excluded 151 people due to 
history of ocular surgery or history of ocular trauma 
(115 people cataract surgery, 7 people glaucoma surgery, 
8 people retinal surgery, and 21 people due to a history 
of ocular trauma). Data of 170 people was not consid- 
ered due to lack of cooperation, presence of extensive 
pterygium, or receiving an error message from the de- 
vice. Eventually, analysis was done on 4869 eyes. Of this 
sample, 2825 (58%) were women; 97.6% were of Persian 
ethnicity, 2.0% were Turk, and 0.4% were non-Persian 
and non-Turk although none of the ethnic groups are a 
different race and all considered Middle Eastern. 

In the studied sample, mean AL was 23.14 mm (95% CI, 
23.11 - 23.17), mean ACD was 2.62 mm (95% CI, 2.60 - 
2.63), mean LT was 4.28 mm (95% CI, 4.27 - 4.29), and the 
mean VCD was 15.72 mm (95% CI, 15.70 - 15.75). 

Results in terms of mean and 95% CI of mean of the 
AL, ACD, LT, and VCD in the studied population by age 
and gender, the mean ± 2 SD of these variables by age 
and gender, and the 1 th , 5 th , 25 th , 50 th , 95 th and 99 th per- 
centiles of these variables are summarized in Tables 1, 2, 
and 3, respectively. Figure 1 shows the histogram of the 
distribution of AL, ACD, LT, and VCD. Kolmogorov- 
Smirnov tests indicated a significant difference from 
normal distribution (p < 0.001). Table 3 summarizes the 
skewness and kurtosis of the variables. According to in- 
dices of normal distribution, axial length and vitreous 
chamber depth had leptokurtic distribution. 

The relationship of studied variables with age, gender, 
education, height, and weight was studied in univariate 



Table 3 The percentiles, Skewness, Kurtosis and interquartile range (IQR) of axial length, anterior chamber depth, 
vitreous chamber depth and lens thickness in this study 

Percentile Normal distribution indexes 

1% 5% 25% 50% 75% 95% 99% Skewness Kurtosis IQR 

Axial length 21.06 21.72 22.55 23.08 23.65 24.64 26.11 1.18 5.93 1.10 

Anterior chamber depth 1.85 2.08 2.39 2.61 2.84 3.17 3.41 0.10 0.02 0.45 

Lens thickness 3.63 3.80 4.08 4.27 4.47 4.77 5.01 0.17 0.21 0.39 

Vitreous chamber depth 13.78 14.42 15.17 15.66 16.20 17.16 18.52 1.24 6.32 1.03 
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Figure 1 Distribution of axial length (A), anterior chamber depth (B), lens thickness C), and vitreous chamber depth (D). 



and multivariate regression models and results are sum- 
marized in Tables 4 and 5. According to the multivariate 
model, AL decreased with age, and directly correlated 
with the male gender, years of education, height, and 
weight. ACD also decreased by 0.013 mm per year of 
aging, and directly correlated with the male gender, years 
of education, height, and weight. This is while LT 
increased by 0.018 mm per year of aging; it was, on aver- 
age, 0.026 mm larger in men compared to women, and 
the correlation with education and weight was reverse. 
VCD showed a statistically significant decrease of 
0.011 mm per year while it significantly increased with 
more education, height, and weight. 

Discussion 

AL has different applications in ophthalmology, and so, 
we used various statistical indices such as the 95% CI, 
normal range, and percentiles to describe the distribu- 
tion of these variables. Describing the normal range of 



this index can be important in the choice of formula 
used for intraocular lens calculation in cataract patients. 
The distribution of AL in the normal population in Iran 
has not been studied, but according to other studies 
(Table 6) AL varies between 22.6 mm to 24.09 mm, and 
the mean AL in our study falls in the midrange. The first 
reason for this variation could be the age range of sam- 
ples, because as demonstrated here and in other studies 
[6,14], AL decreases with age, and in Table 6, the highest 
AL is seen in the 17-30 year old age group, and the low- 
est AL value belongs to over 70 year olds. Comparison 
of AL in people over 40 years in different regions shows 
that the index varies between 22.6 mm to 23.6 mm in 
this age group. On one hand, Warrier et al. [6] reported 
a mean AL of 22.75 mm in 60 to 69 year olds, while the 
59 to 64 year old group in the study by Fotedar et al. 
[14] had a mean AL of 23.60 mm. Overall, much of 
these differences can be explained by racial and genetic 
differences [15]. The direct relationship between AL and 
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Table 4 The association of axial length and its components with age and gender according to univariate linear 
regression 







C npffiri*ant fQ^%f~l nf rnoffiripnH 

I.UCI 1 HICI IL ^7J /O^.I Ul LUCI 1 IV_ltrl 1 L) 


P~Vd | (jg 


Axial length (mm) 


r\ytr l^ycd I 


_nnm (-001 s tn — oooni 

U.U I U \ U.U I J LU \J.\J\J\Jj 


<0001 


jca \\\ Idle/ Icf I laic) 


U.tuL) {U.'-t 1 LU U.JZZ^ 


<0 001 


HUULdLIUI 1 ^EdLll ytrdl III bLMUUiy 


U.UZD \U.UZ 1 LU U.Uj 1 j 


<0 001 


Hpinht (rm1 
1 iciy 1 1 l ^111/ 


0 033 (T)03 tn 0 0361 


<0001 


Wpinhr (Kr\) 
v v ciy I 1 1 \i\yy 


0 013 (0 01 tn 001 M 

U.U I J \\J.U I LU U.U I J) 


<0001 


Anterior Chamber depth (mm) 


Anp f\/oarci 
r\y tr ^y trd 1 sy 


—0 014. f-0 01 S tn —0 01 71 

U.U 1 \ U.U 1 J LU U.U 1 Z^ 


<0001 


-jtrA ^1 1 Id IfcV 1 tr 1 1 Id 1 try 


0 076 (0 0^7 tn 0 OQM 
U.U/O l.U.UJ/ LU \J.UyD) 


<0 001 


HUULdUUII ^CdLI I ytrdl III SLMUUiy 


0 00R f0 006 tn 0 011 
U.UUO ^U.UUO LU U.U 1 1 


<0 001 


I— Ipinhr f(~m^ 
1 Itr ly 1 1 L 1 1) 


0 007 CO 006 -0 00i31 

U.UU/ \U.UUU W.UUOj 


<0001 


Wpinhr (Kn) 


0 004 (0 003 tn 0 00S1 

U.UUt^ I^U.UUJ LU U.UUJj 


<0001 


Lens thickness (mm) 


Anp l\/parcl 
r\y tr Vy trd [ 3) 


0 01 R fO 01 7 tn 0 071 
U.U 1 O \U.U 1 / LU U.UZ^ 


<0 001 


Spx (male/fema e) 


0.040 (0.024 to 0.057) 


<0.001 


Education (Each year in school) 


-0.005 (-0.007 to -0.003) 


<0.001 


Height (cm) 


0.00 (-0.001 to 0.001) 


0.678 


Weight (Kg) 


-0.002 (-0.002 to -0.001) 


<0.001 


Vitreous chamber depth (mm) 


Age (years) 


-0.015 (-0.01 9 to -0.01) 


<0.001 


Sex (male/female) 


0.351 (0.299 to 0.403) 


<0.001 


Education (Each year in school) 


0.022 (0.01 7 to 0.027) 


<0.001 


Height (cm) 


0.027 (0.024 to 0.03) 


<0.001 


Weight (Kg) 


0.01 (0.008 to 0.012) 


<0.001 


CI = confidence interval. 








Table 5 The association between axial length and its parameters with age and gender in multivariate linear 




regressions 












Coefficient (95%CI of coefficient) 


P~V3 I US 


Axial length (mm) 


Age (years) 


-0.007 (-0.012 to -0.003) 


<0 001 


Sex (male/female) 


0.111 (0.035 to 0.186) 


0 004 


Education (Each year in school) 


0.011 (0.005 to 0.016) 


<0001 


Height (cm) 


0.025 (0.021 to 0.029) 


<0 001 


Weight (Kg) 


0.005 (0.003 to 0.007) 


<0 001 


Anterior Chamber depth (mm) 


Age (years) 


-0.013 (-0.014 to -0.012) 


<0 001 


Sex (male/female) 


0.038 (0.012 to 0.064) 


0 004 


Education (Each year in school) 


0.004 (0.002 to 0.005) 


<0001 


Height (cm) 


0.003 (0.002 to 0.004) 


<0001 


Weight (Kg) 


0.002 (0.002 to 0.003) 


<0001 


Lens thickness (mm) 


Age (years) 


0.01 8 (0.01 7 to 0.01 9) 


<0 001 


Sex (male/female) 


0.026 (0.01 to 0.043) 


<0.001 


Education (Each year in school) 


-0.002 (-0.004 to -0.001) 


0.005 


Height (cm) 




NS 


Weight (Kg) 


-0.001 (-0.002 to -0.001) 


<0.001 


Vitreous chamber depth (mm) 


Age (years) 


-0.011 (-0.015 to -0.007) 


<0.001 


Sex (male/female) 




NS 


Education (Each year in school) 


0.009 (0.004 to -0.014) 


<0.001 


Height (cm) 


0.023 (0.021 to -0.026) 


<0.001 


Weight (Kg) 


0.004 (0.001 to -0.006) 


<0.001 



CI = confidence interval. 
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Table 6 Mean axial length, anterior chamber depth, lens thickness, and vitreous chamber depth reported in 
population-based studies compared to findings of the present study 
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1 6 0 
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J v 1yd f 11 1 Idl 
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451 


1 5 39 


\A/ arriarr 1 
Vv di I Ici L J 
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J V ly a f 11 1 Idl 
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2 76 


4 59 


1 5 40 


\A/ai"l"lPl"rfil 
VV al I ici [UJ 


>70 
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i v ly d I ii I idl 
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chiifpitriQi 
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4 38 


1 5 04 


r(J IcUdl [ 1 *tj 
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A i i ctria i 3 
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23 60 


3 20 








65-74 


A i Ktra ia 
AAUiLI di id 


23 44 


3 13 






FntpHarM 4.1 
ruicuai l i *tj 


75-84 


A i Ktra ia 
AAUiLI di id 


23 39 


3 05 






Fotedar[14] 


85+ 


Australia 


23.23 


2.89 






Jivrajka[20] 


29-95 


United State 


23.46 


2.96 


4.93 




He[8] 


50-59 


China 


23.08 


2.79 


4.26 




He[8] 


60-69 


China 


23.14 


2.65 


4.47 




He[8] 


70-79 


China 


23.08 


2.60 


4.64 




He[8] 


80-93 


China 


23.11 


2.57 


4.65 




He[8] 


All age 


China 


23.11 


2.67 


4.44 




Velez-Montoya[21] 


54.71 ±22.33 


Mexico 


23.33 


3.25 


4.52 




This study 


40-64 


Iran 


23.14 


2.62 


4.28 


15.72 



AL = Axial length. 

ACD = Anterior chamber depth. 

LT = Lens thickness. 

VCD = Vitreous chamber depth. 



height has been demonstrated in previous studies as 
well, [16-18] and this relationship can explain part of the 
differences seen in samples and populations of different 
heights. Environmental and life style factors, such as 
industrialization, which can influence the rate of near 
work, should be considered as well. 

Mean ACD in this study was 2.62 mm. As demon- 
strated in Table 6, the value ranges between 2.57 and 

3.41 mm. XU et al. [22] showed this value to be 

2.42 mm in over 45 year old Chinese, and overall, the 
over 40 year olds in different studies have about 1 mm 
difference in ACD; lower in Asians, especially in Eastern 
Asians, and the highest in Los Angeles Latinos. Mean 
ACD in this study was relatively low. A similar observa- 
tion was made in the Tehran Eye Study [23] where the 
mean ACD in the over 40 year old age group was be- 
tween 2.50 to 2.69 mm, thus, we can hypothesize that 
the people of Iran have short anterior chambers. Also, 
considering the observations in the Chinese and Mongo- 
lians compared to Americans, the ACD can be assumed 
smaller in Asians. 



The LT in the studied population was lower compared 
to available studies. (Table 6) In contrast to ACD, our 
findings on LT were very similar to that in Americans, 
and considerably lower than that in Eastern Asians, es- 
pecially the Chinese. However, the variation in LT in dif- 
ferent studies is overall less than that with ACD. 

In this study, AL, ACD, and VCD shortened with age, 
and lens thickness increased. A similar association has 
been reported by He et al. [24], Foster et al. [25], Fotedar 
et al. [14] Jivrajka et al. [20], and Warrier et al. [6]. Al- 
though an increase in AL is expectable from infancy 
until adolescence, [26] it is difficult to explain the short- 
ening of the eye after middle age years. Our first impres- 
sion was that we could bring up the age cohort effect, 
but Gudmundsdottir et al. [27] demonstrated AL short- 
ening in a 5 year cohort study; this finding weakens the 
age cohort effect hypothesis, and it seems that the AL 
may decrease with age due to some unknown changes, 
especially ocular atrophy. It must also be noted that our 
data come from a cross-sectional study, therefore no 
judgment can be made about the trend of AL changes 
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Table 7 Summary of some other studies concerning the 
association of studied parameters with gender 



Place 


Age 


Al (mml 

nL \l I II 1 1/ 


Af~n Imml 


1 T (mml 

l_ 1 \ \ \ \ \ \ \ ) 


VCD (mm) 

VV.L/ \l 1 II 1 If 


iviyalllllal \ \Jj 


40+ 


M'23 1 2 


M' 2 86 


M'452 


M' 1 5 74 






F'22 54 


F'2 79 


F - 4 5 


F'1 5 24 


JUIUd 1 1 L J 


1 7-40 


M'23 33 


M' 3 1 7 


M'3 89 


M' 1 6 2 






p 22 29 


F:3.21 


F:3.83 


F"15 93 


UnitpH ^tatpl 1 

\Jl II ICU JLaLC[ 1 1? J 


40+ 


M'23 65 


M' 348 


M - 4 40 


M' 1 5 22 






F - 23 18 


F'3 36 


F:4 3 


F"1491 


Rm/lf ia\sil/T3Al 
ftcy KJavl KI.30J 


55+ 


M'23 74 


M' 3 20 


KA-A f=iR 

IVI.^+.OO 








F' 23 20 


F'3 08 


F"4 65 




Australian 4.1 

rAU j 11 alia L 1 "J 


59+ 


M'23 75 


M' 3 16 










F: 23.20 


F:3.06 






Norfolk, UK[18] 


48-88 


M:23.80 


M: 3.15 










F: 23.29 


F:3.08 






China[8] 


50+ 


M:23.38 


M: 2.75 


M:4.32 








F: 22.83 


F:2.61 


F:4.50 




Mongolia[4] 


40+ 


M:23.43 


M: 2.87 










F: 23.08 


F:2.77 






This study 


40-64 


M:23.41 


M:2.66 


M:4.30 


M:15.93 






F:22.95 


F:2.S8 


F:4.26 


F:15.58 



AL = Axial length. 

ACD = Anterior chamber depth. 

LT = Lens thickness. 

VCD = Vitreous chamber depth. 

M = male. 

F = female. 

with age and longitudinal studies are needed for a defin- 
ite answer. 

A decrease in ACD and increase in LT with age is an- 
other finding of this study as well as other studies 
[24,25] .An increase in LT has been observed by Mallen 
et al. [9] between the ages of 17 and 40 years, as well. It 
has also been observed by Koretz et al. [28] in monkeys. 
The increase in LT with age can be attributed to the in- 
crease in protein fiber layers forming under the capsule. 
As mentioned, the ACD decreases with age, and in this 
regard, the increase in LT can be the main cause for the 
decrease in ACD, and this has been stated in the report 
by Praveen et al. [29]. 

All of the assessed biometrics in this study were 
greater in men. Results of some studies concerning these 
findings are shown in Table 7; all studies demonstrated 
higher AL and ACD values in men, while the association 
between LT and gender has contradicting results, and 
even in the study by He et al. [8], this value is reported 
greater in women. In studies where the VCD is assessed, 
this index is reported higher in men. Based on these 
findings, inter-gender differences in refractive errors are 
expected. However, most studies have demonstrated a 
flatter corneal curvature in men [6,8,19] and although a 
flatter cornea can decrease part of the myopic shift of 
the refraction in men, most studies have shown more 



myopia in men [30-32] and more hyperopia in women 
[33]. There seems to be a more prominent role for AL 
in the inter-gender difference in refractive errors com- 
pared to other ocular biometrics. 

This study has limitations and strengths. Since detailed 
results with refractive errors have already been pub- 
lished, [34] they are not presented here. Unlike previous 
studies in Iran, [32,35] myopia (with the prevalence of 
38.3%) was more prevalent than hyperopia (with the 
prevalence of 22.1%) in this population. 

Although mean AL in this sample was in the mid- 
range compared to other studies, but as demonstrated, 
this index was slightly skewed to right and had a lepto- 
kurtic distribution, and thus, part of the high prevalence 
of myopia in the 40-64 year old population of Shahroud 
could be attributed to the non-normal distribution of 
AL in this population. 

The most important strong point is that AL and its 
components are studied in a large sample size of 40 to 
64 year old adults, which is unprecedented. It provides 
valuable information from a normal Iranian sample which 
can add to our knowledge of the Middle Eastern popula- 
tion. The data can serve as a helpful guideline for diagnos- 
tic and clinical purposes. Another strong point is its being 
a cohort and age-related changes can be studies with more 
validity in the next phases. Nonetheless, longitudinal stud- 
ies are suggested in different populations, especially on 
younger samples while the eye undergoes changes. 

Conclusions 

In this report, the distribution of AL and its components 
are described in a general 40-64 years old Iranian popu- 
lation for the first time. Mean AL in this study, com- 
pared to studies conducted [4-12,14-18,20-26,36] in Asia 
and America, was in the midrange; however, examining 
its components showed a lower mean ACD and LT. Ex- 
cept for LT which increased with age, all other para- 
meters decrease with age. Also, the studied biometrics 
were all higher in men compared to women. 
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